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Nutritional studies recommend the regular consumption of fruits and vegetables to favor a healthy quality of life. This study was carried out to evaluate the efficacy of hesperidin and tiger nut against the carcinogenic activity of DMBA in female rats. 72 adult Sprague Dawley female rats were divided equally into six groups: control group (I); hesperidin (HES) treated group (II); tiger nut (TN) treated group (III); DMBA treated group (IV); HES-DMBA treated group (V); and TN-DMBA treated group (VI). There was a significant increase in the levels of serum total sialic acid (TSA), progesterone (Prog) and estradiol (E2), and significant decreases of body weights and reduced glutathione (GSH) level and superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px) activities of DMBA treated group compared with the control. Histopathological observations of mammary gland showed that only female rats of DMBA and TN-DMBA treated groups showed breast cancer, while there was no evidence of malignancy in HES-DMBA treated group. In conclusion, our results suggested that supplementation of a diet with hesperidin provided antioxidant defense with chemoprotective activity more significant than tiger nut against the toxicity of DMBA in breast tissue. INTRODUCTION 7, 12-Dimethylbenz (a) anthracene is a polycyclic aromatic hydrocarbon (PAH) produced during the incomplete combustion of carbon-containing compounds [1] , and predominantly found in tobacco smoke, woodsmoke and motor vehicle exhaust emissions [2] . It is an immunosuppressorand a powerful organspecific laboratory carcinogen [3, 4] . The main target sites for the potent carcinogenicity of DMBA are the skin and the mammary gland [5] . It has been reported that DMBA induces substantive nephrotoxicity that is characterized by renal tubular necrosis, increased number of lysosomes, dilated mitochondria and chromatin condensation in the nucleus [6, 7] . e pe idin 4 -methoxy-7-Orutinosyl-30,5dihyd oxyflavanone),a natu ally occu ing flavanone glyco ide, i predominantly found in citrus fruits [8] . It has several biological functions such as anti-inflammato y effect [9], prostaglandin-synthesis inhibition, neuroprotective [10] and modulation of drug-metabolizing enzymes and it does not present toxicity [11] . It exhibit antioxidative properties by several different mechanisms, such as scavenging of free radicals, chelation of metal ions such as iron and copper which are of major importance for the initiation radical reactions, inhibition of enzymes responsible for free radical generation and facilitation endogenous antioxidative defense system [8,12,13,] .Also, dietary hesperidin exerts anticarcinogenic actions in the tongue, colon, esophagus, and urinary bladder in rat models of carcinogenesis [14] [15] [16] .
Tiger nut tubers (Cyperusesculentus) are edible, with a slightly sweet and nutty flavor. The tubers are used as a foodstuff, particularly in Africa, where it's an important food crop with certain tribes. Tiger nuts have excellent nutritional qualities with a fat composition similar to olives [17] and they are gluten and cholesterol free [18] . Tiger nuts are rich in vitamins E and C and rich in minerals such as phosphorous, potassium, calcium, magnesium and iron which necessary for bones, tissue repair, muscles, blood stream, body growth and development [19] . Also they contain high percentage of alkaloids, saponins and tannins which are known to have antimicrobial activity, as well as other physiological activities [20] . Moreover, they exhibit anti-inflammatory properties upon inflammation, and immunostimulatory effects [21] .
The objective of the present study is to evaluate the efficacy of hesperidin and tiger nut in modulation of oxidative stress, tumorigenicity and endocrine derangement in rats treated with DMBA. Histological examinations of the breast tissue were assessed to highlight the protective effects of these natural products.
Materials and methods
Healthy adult female virgin albino rats (Sprague dawley) (70±10) g, average 6 weeks old, purchased from the Egyptian Holding Company for Biological Products and Vaccines (Cairo, Egypt) were used as experimental animals. The animals were maintained under standard conditions of light, ventilation, temperature, and humidity and allowed to free access to standard pellet diet and tap water. All animal procedures were carried out in accordance with theEthics Committee of the National Research Centre conformed to the "Guide fo the ca e andu e of Labo ato y Animal " publi hed by the US National Institutes of Health (NIHpublication No. 85-23, 1996) .
Animal groups
After an acclimation period of 2weeks, the rats were randomly divided into 6 groups (12 rats/ group). Group I: control; Group II: rats received HES (50mg/Kg/day) via oral gavages during the experimental period [22]; GroupIII: rats fed on a standard diet mixed with 25 % whole powder of tiger nut,TN [21];Group IV: DMBA treated group were received 10 mg DMBA /rat [5] via oral gavages at 1 week intervals on days 15, 22, and 29; Group V: rats treated with HES + DMBA where rats were received HES (50mg/Kg/day) during 14 successive days before treating with neoplastic agent and during 105 days after treatment; and Group VI: rats treated with TN + DMBA where rats were received TN (25% of diet) during 14 successive days before treating with neoplastic agent and during 105 days after treatment.
Animals were sacrificed, under anesthesia of ether, after 90 days post the last dose of DMBA administration, and blood was collected by heart puncture and centrifuged at 3000 rpm for 15 minutes to separate the serum and stored at -20 o C. Serum was used for the determination of total sialic acid (TSA) as markers for tumorigenicity, progesterone and estradiol as markers of endocrine derangement, protein carbonyl (CO), malondialdhyde (MDA) as markers for oxidative stress and the level of reduced glutathione (GSH), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT) activities as markers for antioxidant status. Mammary, liver and kidney tissues of each animal were excised and preserved in 10% neutral buffer formalin for histopathological examination. [31] .
Biochemical analysis

Histopathological investigation:
The mammary tissues were taken and fixed in 10% buffered formalin, embedded in pure paraffin wax melting point of 58 ) and then mounted into bloc and left at 4 until the time of u e he pa affin bloc we e ectioned on the mic otome at thic ne of 5 mm and mounted on clean gla lide then left in the oven at 40 fo d yne he lides were deparafinized in xylol then immersed in descending series of alcohol concentration (90-50%). The ordinary hematoxylin and eosin stain were used [32] .
Statistical analysis:
The Statistical Package for the Social Sciences (SPSS/PC) computer program was used for statistical analysis of the results. Data were analyzed using one way analysis of variance (ANOVA) followed by Post Hoc to determine significant differences between means. The data were expressed as mean ± standard deviation (SD). Differences were considered significant at P≤0 05
Results
Biochemical Results
No rats died in groups I,II and III, 6 of 12 rats died in Group IV. In Group V, 3 of 12 rats died, while in Group VI, 5 of 12 rats died. There was an increase in the body weight in all groups at the time of killing compared to at the start of experiment, with percentage changes 69.3%, 122%, 87.4%, 18.7%, 57.6% and 38.5% for groups I-VI, respectively, ( Table 1) . At the end of the experiment, groups IV, V and VI were significantly decreased in the body weight compared to control group. There was a significant increase in the body weight on rats treated with HES and DMBA (Group V) compared with rats treated with DMBA only (Group IV). On the other hand, there was no significant change in the body weight between rats treated with TN and DMBA (Group IV) and rats in group IV (Table 1) . Table 2 showing that serum levels of TSA, progesterone and estradiol were significantly increased in groups IV-VI when compared with control (Group I). There were no significant changes in the levels of TSA, progesterone and estradiol between group IV and group VI, while they decreased significantly in Group V when compared to DMBA-treated group (Group IV).
Serum levels of both protein carbonyl and MDA were significantly increased in groups IV-VI when compared with control rats. They were significantly decreased in group V with p value <0.001 when compared to DMBA-treated group, while there were no significant differences between groups IV and VI. Serum SOD, CAT, GSH-Px activities and the level of GSH were significantly decreased in groups IV-VI when compared to control group, while they were significantly increased in group V when compared to DMBA-treated group ( Table 3 ) and there were no significant differences between groups IV and VI.
Histopathological Examinations of Rat
Mammary Glands
Histopathological examinations of the control mammary glands showed that mammary glands were made up of scattered tubular branching ducts and glandular alveoli; both lined by one to two layers of low cuboidal epithelium and had well defined lumen. The epithelium rests on a basement membrane was surrounded by a layer of myoepithelial cells. The lumen of the alveoli of the mammary glands appeared clear without any cell debris or any secretion. The breast tissue of female rat of group II and III is more or less similar to those of control group (Fig.  1A,B&C) .
In DMBA-treated group (group IV), the studied paraffin sections showed well developed breast carcinoma with wide areas of necrosis and tumor breakdown indicating the high proliferation of tumor cells with surrounding residual viable proliferating malignant cells ( Fig. 2A) . The cell showed nucleomegaly, pleomorphism, increased mitosis and moderate overall anaplasia. The mammary glands also showed atypical proliferative changes characterized by a progressive elongation of ducts as well as proliferation and expansion of the terminal lobular units with compression of the surrounding fat pad, progressing to cystic papillary carcinoma ( Fig. 2B) .
Female rat protected with HES against the carcinogenicity of DMBA showed no appearance of malignancy with very mild histopathological alterations as shown in figure 3. In other instances hyperplasia still present, vacuolization in many cells was commonly occurred and decreased numbers of alveoli with hypertrophic and hyperplastic epithelium forming small lobules of glandular tissue surrounding ducts. While, the mammary alveoli of group VI exhibited well defined mass of breast carcinoma that surrounded by fibrous tissue and embedded in adipose connective tissue with adjacent enlarged activated lymph node. (Fig. 4 ).
Discussion
It is vital to enhance our understanding of the role of naturally occurring antioxidants in cancer prevention and their possible use in intervention trials for the prevention of cancer in humans. DMBA-induced experimental carcinogenesis might therefore be used as an ideal model to study the chemopreventive potential of natural entities [33] . Frequent production of ROS cause free radicals and electrophiles mediated oxidative stress favouring the progression of carcinogenesis. These highly reactive species causes oxidative modification of DNA, proteins, lipids and small intracellular molecules [34] . In our study, we administered DMBA at the age of 56 days due to susceptibility of the mammary gland to DMBA carcinogenesis is strongly age-dependent, being maximal when the drug is administered to rats between the age of 45 and 60 days, the age of the beginning of sexual maturity [35] .
In the present study, the total body weights of the DMBA and TN-DMBA treated groups were declined with p value: <0.001 when compared to control group. Ou finding de pe ately ag ee with the p eviou finding of Cheng et al. [36] and Anbuselvam et al. [37] who reported that tumor growth elicited marked loss of body weight in animals with breast cancer. The decreased body weight might be due to the changes in energy metabolism during tumor formation. It was well known that in cancer condition excessive energy expenditure of the host, ultimately contributing to mechanisms that promote weight loss [38] . Additionally, our results were in accordance with the result of Davis and Kuttan[39]and Moselhy et al. [40] who stated that the generation of ROS and the peroxidation of membrane lipids were associated with the initiation and progression of cancer affecting the normal biochemical process which further leading to the reduction of body weight.
In our results, upon treatment with each of hesperidin and tiger nut, the body weights increased significantly in HES-DMBA treated group versus DMBA treated group (p=0.001) while there was no significant difference between DMBA and TN-DMBA treated groups. Additionally, there was a significant increase in HES-DMBA treated group with pvalue: 0.029 when compared to TN-DMBA treated group.
Our findings of the increased body weights in the groups protected with hesperidin were in parallel with the studies ofKamaraj et al. [41] and Al-Jasabi and Abdullah [42] who reported that while the total body weight was decreased in tumorbearing mice (lung cancer); pre and post treatment with hesperidin resulted in a ignificant inc ea e in the body weight Also, Nandakumaret al. [43] reported that daily oral administration of hesperidin to breast cancer bearing rats showed a ignificant imp ovement in the body weight when compared with cancer bearing animals and this might be due the antioxidant activity exhibited by the bioflavonoid he pe idin In our study, serum level of total sialic acid (TSA) significantly elevated in the DMBA and TN-DMBA treated groups (p<0.001) versus control group, and there was no significant difference between TN-DMBA and DMBA treated groups. These findings were in agreement with our histopathological results that showed the formation of breast cancer in these two groups. The increased TSA levels here were similar with the findings of Raval et al. [44] , Hamdy et al. [45] and Oto et al. [46] who reported that administration of DMBA increased the level of serum TSA, which is a sensitive marker for detecting the toxic effects of DMBA and this increase might be explained by enhanced activity of sialidase enzyme in breast cancer [47, 48] .
Conversely, our results showed a highly significant reduction in serum TSA level in HES-DMBA treated group (p<0.001) when compared with DMBA and TN-DMBA-treated groups. Our findings were in agreement with the results obtained by Nandakumar et al. [43, 49] who reported that administration of hesperidin controlled the nucleic acid biosynthesis and exhibited the tumor inhibitory effect during the treatment of breast cancer induced by DMBA toxicity. Moreover, our results showed a significantly increase (P = 0.001) in the levels of serum TSA in HES-DMBA group as compared with the control group (no malignancy was recorded in our histopathological results). This increase in the TSA level might be due to the presence of inflammation in any part of animal body and not due to breast cancer. In this respect,Suer and Kazwzoglu[50]and Hamzah et al. [51] reported that the biochemical alternation in total sialic acid concentrations was associated positively with the presence of inflammation and could be suggested as a potential inflammatory marker for several diseases including myocardial infarction, inflammatory disease and bacterial infections. Moreover, there was a significant increase in the estradiol and progesterone levels in DMBA and TN-DMBA treated groups (p<0.001) when compared with the control. Similar results were observed by Hamdyet al. [45] who reported that the injection of single dose of (10 mg/rat) DMBA resulted in a significant increase in the marker levels of endocrine derangement, prolactin and estradiol. In this respect, Vondrácek et al. [52] and Hussein and Ismael [53] proved that the endocrine derangement that occurred in the human breast had an important impact on the development of breast cancer.
In the present study, hesperidin supplementation in HES-DMBA treated group significantly decreased serum levels of estradiol and progesterone (p<0.001) when compared to DMBA and TN-DMBA treated groups, while there were no significant changes in their levels between DMBA and TN-DMBA treated groups.
Our study showed elevated levels of serum MDA and CO in DMBA and TN-DMBA treated groups when compared to the control (p< 0.001) and there was no significant difference in their levels between DMBA and TN-DMBA treated groups. This was consistent with previous reports that DMBA induced critical oxidative damage in the liver in vivo [54, 55] . Moreover, our results were in agreement with the data obtained byTabaczaret al. [56] who reported that the development of DMBA-induced mammary tumors in rats was associated with a significant increase in protein and lipid oxidation markers in blood plasma. Furthermore,Rajakumar et al.
[57] reported that the levels of MDA and lipid hydroperoxides in plasma and mammary ti ue we e ignificantly inc ea ed in DMBA-induced breast cancer rats via the overproduction and diffusion of free radicals from damaged tumor tissues compared with normal rats.
Our results indicated that hesperidin supplementation was significantly decreased the levels of MDA in HES-DMBA treated group (p<0.001) when compared with DMBA and TN-DMBA treated groups. Additionally, serum CO level decreased significantly in HES-DMBA group (p<0.001) versus DMBA and TN-DMBA treated groups. Our results were in agreement with Wang et al. [58] who reported that chronic administration of hesperidin attenuated oxidative damage by decreasing lipid peroxidation, restoring mitochondrial enzyme activity, and increasing oxidative defense. Moreover, Javed et al. [59] reported that pretreatment with hesperidin attenuated the elevated level of MDA content in streptozotocin injected mice.
The enzymatic antioxidants SOD, CAT and GSH-Px and GSH content play a vital role during the process of scavenging reactive oxygen [60] . Our results demonstrated significant decreases of SOD, CAT and GSH-Px activities and GSH content in DMBA and TN-DMBA treated animals with p value: <0.001 when compared to control group and there was no significant difference between DMBA and TN-DMBA treated animals. The decrease of SOD, CAT and GSH-Px activities and GSH content was probably might result from their increased utilization to neutralize the excess of free radicals generated in the body after DMBA induction and might indicated the weak free radical defense system against oxidative stress [37] . The observed lower level of glutathione in mammary carcinoma rats might be resulted in enhanced lipid peroxidation and excess utilization of this antioxidant for tumor cell proliferation, which was in line with earlier reports [61].
In our results, there was statistically significant increase in serum GSH level and SOD, CAT and GSH-Px activities in HES-DMBA treated group with p value <0.001 when compared with both DMBA and TN-DMBA treated groups, while there were no significant differences between TN-DMBA and DMBA treated groups for these levels. The improvement in oxidant/antioxidant status might support the role of HES in scavenging free radicals. Similarlly, Bentli et al. [62] reported that the use of HES in combination with 2,3,7,8-Tetrachlorodibenzo-p-dioxin, minimized its toxicity as revealed by increased antioxidant enzyme activity (SOD, CAT) and GSH levels. Moreover, Khan and Parvez[63] reported that hesperidin treatment attenuated the altered levels of oxidative stress and neurotoxicity biomarkers against oxidative damage in cadmium treated rat model.
Our histopathological results showed that administration of three successive doses of DMBA (10 mg/rat/week) induced breast carcinoma in only DMBA and TN-DMBA treated animals. The studied paraffin sections of DMBA treated animals showed well developed breast carcinoma with wide areas of necrosis and atypical proliferative changes characterized by a progressive elongation of ducts as well as proliferation and expansion of the terminal lobular units with compression of the surrounding fat pad, progressing to cystic papillary carcinoma.
The cell showed nucleomegaly, pleomorphism, increased mitosis and moderate overall anaplasia. These findings agree with our previously reported higher breast cancer markers (TSA, estradiol and progesterone).
Similar observations were obtained by Pandi et al. [64] who reported that administration of DMBA caused rat mammary gland carcinoma characterized by extensive solid areas, tumor necrosis exhibiting the appearance of a comedocarcinoma and clumping of chromatids. Also, Bishayeea and Mandal [65] investigated that administration of DMBA manifested ductal hyperplasia, marked alteration and enlargement of the alveolus, uniformly neoplastic ductal epithelial cells with nuclear polemorphism and growth variation of epithelial cells in nuclear size and irregular chromatin. Moreover, Minari and Okeke[66] showed that the intragastrically treatment of 20 mg/ml/week of DMBA by gavage for six weeks induced lobular alveolar hyperplasia, fibroadenomatoid hyperplasia in breast tissues suggesting a neoplastic transformation which is an indication of DMBA-induced cell proliferation.
On the other hand, no malignancy appeared in animals of HES-DMBA treated group. Protection of DMBA treated animals by HES administration (50 mg/kg body weight) provided a significant improvement with very mild histopathological alterations such as hyperplasia; vacuolization in many cells and decreased numbers of alveoli with hypertrophic and hyperplastic epithelium. Our results agree with the results obtained by Nandakumar et al. [49] who reported that administration of hesperidin after mammary cancer induction by a single dose of 20mg/kg DMBA showed that almost normal cytoplasm with undisturbed, protected number of mitochondria and reduced neoplastically transformed cells, which inevitably proved the antineoplastic activity of hesperidin. Moreover, it wa hown that ES modifie the production of cytokines and enzymes that a e involved in inflammation which play a crucial role in the anti-cancer effects of HES [67].
As mentioned above the administration of tiger nut didn't prevent the appearance of the breast cancer in the female rats of TN-DMBA treated group but in less number of animals and with less degree where a well-defined mass of breast carcinoma that surrounded by fibrous tissue with adjacent enlarged activated lymph node were noted. The activation of lymph node and fibrosis around the cancerous tissue in TN-DMBA group might be due to the nutritional benefits of tiger nut on the immune cell. In this respect, Hassan [68] showed that tiger nut exhibits selective effects on T lymphocytes, which inhibits the proliferation of the inflammatory lymphocytes and increases the proliferation of naive lymphocytes. Moreover, tiger nut is a good source of fatty hydroxamic acid. Suberoylanilidehydroxamic acid, specific derivatives of hydroxamic acid, has been reported to be a potent inhibitor of histone deacetylases, and possesses anticancer and apoptosis effect against several tumor types [69, 70] . Furthermore, fibrosis is a common, persistent and potentially debilitating complication of chemotherapy and radiation regimens used for the treatment of cancer [71] . Breast fibrosis is a common occurrence following anticancer radiation therapy [72] .
In conclusion, the present study proved that the oxidative stress resulted from DMBA played an important role in inducing breast cancer. The histopathological changes that occurred in breast tissue of female rats as well as the disturbance of the biochemical parameters recorded in animals treated with DMBA were counteracted after HES administration causing a protective effect for DMBA toxicity. Here, hesperidin was more potent as chemoprotective agent than tiger nut. 
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